Chronic kidney disease (CKD) and mineral disorders are one of the most common reasons of cats. Alterations in mineral metabolism occur in early stage of CKD and increasing the severity in advanced stages. In Turkey, although some clinical studies on CKD in cats are available, no data concerning the clinical significance of pretreatment Ca-P solubility product is present.
Introduction
Chronic kidney disease (CKD) and mineral disorders are a common clinical problem in aging cats. Structural or functional renal abnormalities develop in 1.6-20 % of all cats during their lifetime (24, 26) . Alterations in mineral metabolism occur in early stage of CKD and increase the severity in advanced stage (26) . Because of the progression of the disease, literature have focused the survival in cats with CKD (7, 17) . In Turkey, although some clinical studies including heamatological and biochemical changes have been published in cats with CKD (2, 8) , these studies have consisted of less case series and none of them had an explanation concerning the clinical significance of Ca-P solubility product. Human studies revealed the association between increased levels of serum phosphorus and increased mortality (18, 20) . It has also been reported that human patients with a Ca-P product > 72 mg 2 /dl 2 have higher mortality risk compared to those with a Ca-P product between 42-52 mg 2 /dl 2 (5) .
The purpose of the current study was that although it is known the progression of CKD in cats, determination of Ca-P solubility product in different stages of CKD may be used to manage the life quality of cats with CKD.
Material and Methods
This study was a prospective clinical study in 69 clint-owned cats with the signs of polyuria, polydipsia, vomiting, anorexia, halitosis, lethargy, depression or small kidneys on palpation. Staging system for classifying cats with chronic kidney disease based on IRIS guidelines was used (16) . The following groups were occurred based on serum creatinine (SCr) and urine specific gravity < 1035: Stage 2= SCr 1.6 -2.8 mg/dl; Stage 3= SCr 2.9 -5.0 mg/dl; Stage 4 = SCr > 5.0 mg/dl. Cats with proteinuria, high blood pressure and CKD Stage 1 (SCr < 1.6 mg/dl) were not included the IRIS staging. Cats with systemic disease such as diabetes mellitus, hyperthyroidism, neoplasia, postrenal obstruction and hepatic pathology were excluded from the study. Cats with feline infectious peritonitis, feline immunodeficiency virus or feline leukemia virus performed with speed tests were also excluded from the study. Cats were treated with appropriate medications. Clinical procedures including physical examination, complete blood count (Exigo® cbc analyzer), serum profiles (Erba xl 600®), urinalysis (urine test strip) and abdominal ultrasonography (Shimadzu ® -Sdu 450) were performed in all cats. Solubility product (calcium x phosphorus-mg 2 /dl 2 ) was also defined (4). Cats were fasted for at least 12 hour prior to blood sampling. Written owner consents were also obtained from the owners.
Statistical analysis: Data regarding characteristics of the cats were subjected to the Mean Procedure (SPSS, Version 16, Chicago, ILL). Clinical data were analyzed using cross-tabulation in chi-square test. Finally hematological parameters and serum biochemistry parameters were analyzed using the NPAR1WAY procedure. Differences by the stage were attained using Kruskal-Wallis test, employing chi square value and degree of freedom. Statistical significance was declared at P<0.05.
Results
Data were collected from 69 clint-owned cats referred to hospital with the signs of kidney disease. Stage 1 cats (n:15) with renal insufficiency but not renal failure were excluded from the study. 7 cats with postrenal obstruction, hyperthyroidism, renal mass or hepatic pathology were not also included the study. Study were performed with 47 cats with chronic kidney disease. The mean age, weight, breed and sex distribution of cats in groups were shown in Table 1 . Historical and physical examination findings in each group were also presented in Table 2 . Table 3 and Table 4 revealed complete blood counts, serum profiles and urinalysis in groups. 
Discussion and Conclusion
CKD is the most common metabolic disease of aging cats. Age-related increase in the prevalence of CKD in cats has been reported (23) . Renal disorders in cats above 13 years of age have been identified as the most common cause of death (14) . Mortality in cats with CKD has defined as 4% between 1 to 5 years of age and 17% in cats dying at ≥ 11 years of age (19) . Although survival was not the aim of this study and younger cats included in each group, the mean age of all cats in groups were about 11 year old.
Severity of the CKD associated complications such as hyperphosphatemia, secondary renal hyperparathyroidism, hypokalemia, anemia, proteinuria, hypertension and uremia as well as the process of treatment and prognosis vary in advancing IRIS stage (7, 16) . In 30% to 65% of cats with CKD, anemia could develop attributable to decreased erythropoietin production (10) . In a study previously defined, no significant correlations were found between anemia and survival in cats with CKD (15) . Although anemia is a common finding in cats with end stage CKD (11) , in this study it was not a remarkable finding. Dehydration was thought as the possible reason of masking the anemia in cats with CKD.
Some studies performed in cats with CKD based on elevated blood creatinine concentrations to diagnose the kidney disease in cats with or without clinical signs (4, 17) . IRIS guidelines also confirmed creatinine measurements for staging the renal failure (16) . Creatinine levels obtained from this study were statistically significant in each IRIS stages as consistent with the reports previously described.
Hyperphosphatemia is a clinicopathologic marker of renal fibrosis, mortality and progression of CKD in cats (22) . Phosphorus level in early stages of CKD is kept within reference ranges by parathyroid hormone (PTH). However, phosphorus level can no longer maintain in cats with IRIS stage 2, 3 and 4 because of decreasing the glomerular filtration rate (1, 13) . Data obtained from the current study supported this finding. Although we do not know the PTH levels in cats with different IRIS stages of CKD, inorganic phosphorus levels in IRIS stages gradually increased in this study.
CKD is a concurrent disease in cats with hypercalcemia (9) . Several mechanism including decreased glomerular filtration and bone storage of calcium and, increased tubular reabsorption have supported the hypercalcemia risk (25) . Whether CKD is a risk factor for hypercalcemia is still unclear (9) . In some studies 11.5-21% of cats with CKD had concurrent hypercalcemia (3, 12, 27) . In this study presented here mean calcium concentrations in groups were within reference ranges and no significant differences were found among groups.
In a study obtained from 50 cats, higher phosphorus level has been associated with a higher risk of death within 1 month. In the same study, higher urea and serum creatinine concentrations were also related to increased risk of death (21) . In another study (7) 11.8 % increase in the risk of death was defined for each 1 unit increase in phosphorus level. In Turkey, although some studies including clinical, heamatological and biochemical changes have been published in cats with CKD (2, 8), none of them had an explanation concerning the clinical significance of Ca-P solubility product. Point out the determination of Ca-P solubility product in different stages of CKD to modify the prognosis and manage the life quality of cats with CKD is the main purpose of the current study. In a human study (5) , patients with a Ca-P solubility product above 72 mg 2 /dl 2 had a 34% higher risk of death compared with those with a Ca-P product between 42-52 mg 2 /dl 2 . It has been also reported that cats with soft tissue calcifications had elevated levels of Ca-P product (above 70 mg 2 /dl 2 ) with or without hypercalcemia (4, 6) . In the current study although calcium levels were within reference ranges in each group, Ca-P product were above 72 mg 2 /dl 2 in stage 3 and 4 cats as consistent with the reports previously described (4, 6) .
In conclusion, determination of pretreatment Ca-P solubility product in cats with different stages of CKD could be useful to modify and manage the life quality of cats with CKD.
